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ABSTRACT 

The a tmosphe r i c  e n t r y  of minimum s i z e  and we igh t  man- 
ned Mars e x c u r s i o n  vehic les  ( M I N I M E M )  based on t h e  unmanned MSSR 
c o n f i g u r a t i o n  is i n v e s t i g a t e d .  I n c l u d e d  are t h e  c o n s i d e r a t i o n s  
f o r  b a l l i s t i c  e n t r y  (L/D = 0 )  from e l l i p t i c a l  o r b i t ,  l i f t i n g  
e n t r y  d i r e c t l y  from a n  approach h y p e r b o l a  as w e l l  as from e l l i p -  
t i c a l  o r b i t ,  impact  of l a n d i n g  p o i n t  r a n g e  e r r o r s  on e n t r y  gu idance  
and t r a j e c t o r y  c o n t r o l ,  and t h e  s e n s i t i v i t y  of l i f t - t o - d r a g  r a t i o  
and b a l l i s t i c  parameter on e n t r y  gu idance .  I n  a d d i t i o n ,  t h e  m i s -  
s i o n  a b o r t  o p p o r t u n i t i e s  before  and d u r i n g  t h e  a tmosphe r i c  e n c o u n t e r  
are  i n v e s t i g a t e d ,  and t h e  c o n d i t i o n s  for t e r m i n a l  l a n d i n g  and p r o -  
p u l s i v e  r ange  make-up are  d i s c u s s e d .  

A one or two man M I N I M E M  based on an  Apollo shape or 
60° c o n i c a l  e n t r y  c o n f i g u r a t i o n ,  w i t h  a maximum diameter n o t  ex- 
c e e d i n g  20 f e e t ,  can  b e  used t o  l a n d  manned p a y l o a d s  on t h e  s u r f a c e  
o f  Mars e i t h e r  d i r e c t l y  (25 ,000  f p s )  o r  f rom o r b i t  ( 1 5 , 0 0 0  f p s ) .  
Although o u t - o f - o r b i t  e n t r y  i s  p o s s i b l e  w i t h o u t  l i f t ,  t h e  l a n d i n g  
p r o p u l s i o n  can be  c o s t l y ,  narrow e n t r y  c o r r i d o r s  a re  r e q u i r e d  and 
l a rge  l a n d i n g  p o i n t  u n c e r t a i n t i e s  a re  i n h e r e n t .  The u s e  of  l i f t  
f o r  o r b i t a l  e n t r y  p e r m i t s  d e c e l e r a t i o n  l i m i t s  o f  3 t o  4 G I s ,  and 
p r o v i d e s  t h e  t r a j e c t o r y  c o n t r o l  t o  e l i m i n a t e  a l l  r a n g e  e r r o r s  re- 
s u l t i n g  from t h e  e n t r y  c o r r i d o r .  T h i s  c o n t r o l  w i l l  p robab ly  n o t  
be r e q u i r e d  u n t i l  t h e  v e l o c i t y  i s  reduced  s u f f i c i e n t l y  t o  employ 
radar and d o p p l e r  da ta  a f t e r  e x i s t i n g  b l a c k o u t .  

For d i r e c t  e n t r y ,  t h e  d e c e l e r a t i o n  l i m i t s  w i l l  b e  on t h e  
Range c o n t r o l  o r d e r  o f  9 or 1 0  G I s  f o r  a 1 0  N .  M .  e n t r y  c o r r i d o r .  

from a d i r e c t  e n t r y  w i l l  b e  more c r i t i c a l  t h a n  from o u t - o f - o r b i t  
r e q u i r i n g  c o n t r o l  i n i t i a t i o n  e a r l y  d u r i n g  t h e  p u l l o u t  phase.  
c o n t r o l  a t  t h i s  p o i n t  i s  s e n s i t i v e  t o  p o s i t i o n  i n  t h e  e n t r y  c o r r i d o r .  
If a 1 0  N .  M .  c o r r i d o r  can  not be  ach ieved  f o r  d i r e c t  e n t r y ,  n e g a t i v e  
l i f t  w i l l  have t o  be  employed t o  p e r m i t  s h a l l o w e r  e n t r y  a n g l e s .  
u se  o f  n e g a t i v e  l i f t  a l s o  r e q u i r e s  a c c u r a t e  knowledge o f  t h e  p o s i t i o n  
w i t h i n  t h e  c o r r i d o r .  
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1 . 0  I N T R O D U C T I O N  

DATE: June 1 7 ,  1 9 6 8  

FROM: D .  E .  Cass ldy  

The c o n c e p t u a l  mi s s ion  o f  t h e  Mars S u r f a c e  Sample 
R e t r i e v e r  (PISS3) p robe  l y 2  c o n s i s t s  o f  pe r fo rming  t h e  a u t o m a t i c  
(uylmanned) f u n c t i o n s  of l a n d i n g  on t h e  s u r f a c e  o f  Mars, re-  
c o v e r i n g  s u r f a c e  samples ,  l aunch ing  from t h e  s u r f a c e ,  and com- 
p l e t i n g  a rendezvous  w i t h  a manned f l y b y  s p a c e c r a f t  sometime 
a f t e r  t h e  s p a c e c r a f t  p a s s e s  p e r i a p s i s .  The h i g h  energy  o f  t h e  
r e f e r e n c e  1975  t w i l i g h t  f l y b y  r e q u i r e s  a t o t a l  e n t r y  we igh t  on 
t h e  o r d e r  o f  1 1 , 0 0 0  pounds t o  u l t i m a t e l y  r e t u r n  a 4 2  pound pay- 
l o a d  back t o  t h e  manned f l y b y  s p a c e c r a f t .  A 60" b l u n t e d  cone 
e n t r y  v e h i c l e  c o n f i g u r a t i o n  wi th  a 20 f o o t  base d i a m e t e r  would 
d e l i v e r  t h e  4000 pound a s c e n t  s t a g e  ( s u r f a c e  l aunch  v e h i c l e )  
t h rough  a b a l l i s t i c  e n t r y  t r a j e c t o r y  to t h e  Mar t i an  s u r f a c e .  

Due t o  t h e  r e l a t i v e l y  h i g h  energy  a t  Mars f o r  t h e  
t w i l i g h t  f l y b y  m i s s i o n s ,  ( approx ima te ly  36,000 f p s  a s c e n t  AV 
r e q u i r e d  t o  rendezvous  i n  1975, and h i g h e r  i n  l a t e r  y e a r s )  a 
s u b s t a n t i a l  i n c r e a s e  i n  a s c e n t  pay load  i s  p o s s i b l e  f o r  rendez-  
vous w i t h i n  a n  e l l i p t i c a l  pa rk ing  o r b i t  d u r i n g  t h e  s t o p o v e r  
m i s s i o n s .  It was shown i n  r e f e r e n c e  ( 3 ) ,  t h a t  a v e h i c l e  weigh- 
i n g  15,000 pounds a t  i n i t i a l  a tmosphe r i c  e n t r y  h a s  t h e  p o t e n t i a l  
of r e t u r n i n g  on t h e  o r d e r  o f  900 pounds o f  pay load  from t h e  s u r -  
f a c e  o f  Mars t o  a s p a c e c r a f t  i n  a h i g h l y  e l l i p t i c a l  o r b i t .  With 
r e l a t i v e l y  l a r g e  payload  c a p a b i l i t y ,  i t  i s  r e a s o n a b l e  to c o n s i d e r  
t h e  p o s s i b i l i t y  of  i n c l u d i n g  a man as p a r t  o f  t h e  pay load .  A s  a 
development g o a l ,  t h e n ,  t h e  p r e c u r s o r  unmanned MSSR would pe r fo rm 
unmanned s u r f a c e  sample r ecove ry  i n  s u p p o r t  o f  t h e  e a r l y  manned 
f l y b y  m i s s i o n s  w h i l e  i n h e r e n t l y  p r o v i d i n g  much of  t h e  t e s t i n g ,  
q u a l i f i c a t i o n s ,  and conf idence  r e q u i r e d  f o r  u l t i m a t e l y  man-rat ing 
t h e  sys t em f o r  l a t e r  s t o p o v e r / l a n d i n g  m i s s i o n s .  

The a b i l i t y  to package a man i n  such  a minimum weight  
sys t em i s  d i s c u s s e d  i n  r e f e r e n c e  4 .  Wi th in  t h e  ground r u l e s  
s p e c i f i e d ,  a one-man a s c e n t  c a p s u l e  would weigh j u s t  ove r  700 
pounds and a two-man c a p s u l e  on t h e  o r d e r  o f  1 ,300  pounds.  These 
w e i g h t s  would grow t o  a tmospher ic  e n t r y  w e i g h t s  on t h e  o r d e r  o f  
15,000 pounds f o r  t h e  one-man v e h i c l e  and 35,000 pounds f o r  t h e  
two-man v e h i c l e  w i t h  a s u r f a c e  s h e l t e r  i n t e g r a t e d  w i t h i n  t h e  land-  
i n g  s t a g e .  A s  a p o s s i b l e  o p t i o n ,  t h e  manned v e h i c l e s  cou ld  b e  
s u p p o r t e d  on t h e  Mar t i an  s u r f a c e  w i t h  unmanned l o g i s t i c s  v e h i c l e s  
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for extended mission capability as well as mission flexibility. 
If such a scheme was selected, it would then be most desirable 
for the unmanned logistics vehicles to be as identical as pos- 
sible in entry and landing systems to the manned vehicles (MINI- 
MEM) in order to complement the overall probe development program. 

2.0 STUDY SCOPE AND ASSUMPTIONS 

The purpose of this memorandum is to investigate some 
of the operational aspects of a manned Mars landing mission and 
to compare various trade-off parameters. Primary emphasis will 
be placed on the following considerations: 

1. Out-of-orbit ballistic (non-lifting) entry vs. lifting 
entry, 

2. Out-of-orbit lifting entry vs. hyperbolic lifting 
entry, i.e., direct from the hyperbolic approach 
traj ec t ory , 

3. 

4. 

Entry guidance and control requirements, 

Landing site targeting and surface rendezvous capa- 
bility, 

5. Effect of lift-to-drag ratio (L/D) and ballistic 

6. Mission abort opportunities, and 

parameter (m/CDA), 

7. Terminal landing. 

The direct entry analysis will center on an entry velo- 
city of 25,000 fps (V = . 2  emos). This represents a reasonable 
upper limit for the approach velocities associated with stopover 
missions. The out-of-orbit entry will be from a highly ellipti- 
cal (24 hours) orbit with a resulting entry velocity on the order 
of 1 5 , 5 0 0  fps. Entry altitude is defined at 7OO,OOO feet, 

W 

It is assumed that prior to the manned stopover mis- 
sions, considerably more will be known about the Mars environment 
to provide substantially more confidence in the structure of the 
atmosphere. Since the VM-8 atmosphere essentially presents the 
worst entry conditions,' except for the terminal landing phase, 
it is assumed in this study, that the VM-8 atmosphere describes 
the nominal density profile. 
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In addition, a capsule type entry vehicle similar to 
the MSSR vehicle will be used in the Both the 
Apollo shape and a 60" cone will be considered as optional con- 
figurations. 

3.0 AERODYNAMIC CHARACTERISTICS AND CONFIGURATIONS 

The vehicle configurations are shown in Figure (l), 
and the corresponding static aerodynamic performance parameters 
are presented in Figures (2) and ( 3 ) * .  The ballistic parameters 
in Figure (2) correspond to various gross weight vehicles with a 
20 foot maximum diameter, while the effects of reducing the dia- 
meter on a 15,000 pound gross weight vehicle are presented in 
Figure (3). Both configurations are in the same L/D category, 
but at a given L/D, the Apollo shape has a lower ballistic pa- 
rameter and lower trim angle-of-attack**. 

The ranges of ballistic parameter and L/D which will be 
investigated are indicated by the darkened circles on Figure (3). 
The upper values will define the "heavy" vehicle and the lower 
values the "light" vehicle***. The ballistic parameters for the 
non-lifting case corresponds to L/D = 0. 

4.0 BALLISTIC ENTRY (L/D = 0 )  

In this section, the MSSR configuration as outlined in 
references (1) and (2) is investigated for use as a manned vehicle. 
In the case of the unmanned MSSR mission (32,000 fps entry velocity), 
no lifting capability was provided since there was no clear require- 
ment to employ lift at the time when the studies were conducted. 

"Whether it is reasonable to package these vehicles with 
sufficient c.g. offset to provide the required trim for the high 
L/D1s is not considered here. For this reason, lower values of 
L/D (i.e., lower angle-of-attack) are used in the study than are 
theoretically obtainable from the configurations. 

**It is desirable to maintain a low angle-of-attack to mini- 
mize c.g. offset and to permit a larger packagable volume behind 
the forward heat shield, Figure (1). 

***The heavy vehicle is essentially two-man and the light 
vehicle is one-man . The choice of curves on Figure (2) was made 
to establish the limits for the parametric study which follows and 
not to specify a configuration. 

4 
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The G l o a d s *  are s u f f i c i e n t l y  low f o r  unmanned s y s t e m s  ( 4 0  G ) ,  
t h e  e n t r y  c o r r i d o r  appears a c h i e v a b l e  ( 1 0  n .m.) ,  and t h e  l a n d i n g  
p r o p u l s i o n  r e q u i r e m e n t s  a r e  r e a s o n a b l e  ( a p p r o x i m a t e l y  3000 f p s ) .  
A manned e n t r y  v e h i c l e ,  on t h e  o t h e r  hand,  r e q u i r e s  some addi- 
t i o n a l  c o n s i d e r a t i o n s  i n c l u d i n g  t h e  maximum G l o a d i n g  on t h e  
crew. 

It was p o i n t e d  o u t  i n  r e f e r e n c e  ( 3 ) ,  t h a t  e n t r y  c o u l d  
be  per formed b a l l i s t i c a l l y  from a n  e l l i p t i c a l  o r b i t  w i t h o u t  ex- 
c e e d i n g  1 0  G ' s ,  b u t  p robab ly  n o t  d i r e c t l y  f rom a h y p e r b o l i c  ap- 
p roach  t r a j e c t o r y  because  of t h e  v e r y  small e n t r y  c o r r i d o r .  The 
main d i f f i c u l t i e s  w i t h  t h e  manned b a l l i s t i c  e n t r y  from a n  e l l i p -  
t i c  o r b i t ,  however, are assoc ia ted  w i t h  t h e  la rge  l a n d i n g  s i t e  
u n c e r t a i n t i e s  t h a t  r e s u l t  f r o m  s h a l l o w  e n t r y  a n g l e s  r e q u i r e d  f o r  
low G e n t r y ,  and t h e  i n a b i l i t y  t o  make r a n g e  c o r r e c t i o n s  w i t h o u t  
l i f t  v e c t o r  c o n t r o l .  I n  a d d i t i o n ,  t h e  e x t r a  weight of  t h e  manned 
v e h i c l e s ,  p a r t i c u l a r l y  t h e  two-man v e r s i o n  can  make t h e  t e r m i n a l  
p r o p u l s i o n  maneuver f o r  t h e  b a l l i s t i c  e n t r y  v e r y  expens ive  as 
compared w i t h  t h e  unmanned MSSR. 

Parameter s e n s i t i v i t i e s  f o r  b a l l i s t i c  e n t r y  from a 2 4  
hour  e l l i p t i c a l  o r b i t  are summarized i n  F i g u r e s  (4) and ( 5 ) .  A s  
i n  r e f e r e n c e  (l), t h e  v e l o c i t y  a t  2 0 , 0 0 0  f e e t  a l t i t u d e  i s  repre-  
s e n t a t i v e  o f  t h e  r e q u i r e d  t e r m i n a l  p r o p u l s i v e  ( A V )  maneuver f o r  
a s o f t  touchdown w i t h o u t  any a d d i t i o n a l  p r o v i s i o n s  f o r  hover  and 
site s e l e c t i o n  t ixe .  The numer ica l  d i f f e r e n c e s  between t h e  "Ap- 
p r o a c h  T r a j e c t o r y  P e r i a p s i s  A l t i t u d e s "  i n  F i g u r e s  ( 4 )  and ( 5 )  
d e f i n e  t h e  e n t r y  c o r r i d o r  w i d t h s ,  and t h e  n u m e r i c a l  d i f f e r e n c e s  
between t h e  "Down Range from E n t r y "  r e p r e s e n t  t h e  l a n d i n g  p o i n t  
u n c e r t a i n t y  r e s u l t i n g  from t h e  e n t r y  c o r r i d o r  wid th .  

The MSSR e n t r y  s y s t e m  ( w i t h  a 20  f o o t  base diameter)  
c o n f i g u r e d  as a one-man v e h i c l e  s imi la r  t o  r e f e r e n c e  ( 4 )  would 
have  a b a l l i s t i c  parameter of abou t  1 . 0  s l u g / f t '  a t  a g r o s s  e n t r y  
weight of  15,000 pounds.  For a maximum d e c e l e r a t i o n  l i m i t  o f  1 0  
G ' s ,  t h e  t e r m i n a l  p r o p u l s i o n  AV r e q u i r e d  f o r  a s o f t  touchdown 
would b e  on t h e  o r d e r  o f  3500 f p s ,  r e f e r r i n g  t o  f i g u r e  ( 4 ) .  T h i s  
compares w i t h  abou t  3000 f p s  f o r  t h e  unmanned MSSR (m/CDA = . 8  
s l u g s / f t  ) .  The co r re spond ing  a c c u r a c y  t o  which t h e  l a n d i n g  s i t e  
can  be p r e d i c t e d  depends on t h e  a c c u r a c y  t o  which t h e  approach  
gu idance  can  d e t e r m i n e  t h e  p rope r  approach  c o n i c ,  and t h e r e b y  
a c h i e v e  t h e  e n t r y  c o r r i d o r .  Fo r  a f i v e  n a u t i c a l  m i l e  c o r r i d o r  ( a  
f i v e  n a u t i c a l  m i l e  d i f f e r e n c e  i n  p e r i a p s i s  a l t i t u d e  of  t h e  approach  
c o n i c ) ,  which s h o u l d  be  a r e a s o n a b l e  estimate when o p e r a t i n g  from 
a n  e l l i p t i c a l  o r b i t  ( t e n  n a u t i c a l  m i l e s  was assumed for d i r e c t  e n t r y  

2 

* G  r e f e r s  t o  t h e  a c c e l e r a t i o n  i n  u n i t s  of  e a r t h  sea l e v e l  
2 a c c e l e r a t i o n  o f  g r a v i t y  ( 3 2 . 2  f p s  ) .  
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a t  32 ,000  fps) ' ,  t h e  l a n d i n g  p o i n t  e r r o r  c o u l d  b e  as much as 
t h i r t y  n a u t i c a l  mi les  ( 2 1 5 )  on t h e  s u r f a c e ,  F i g u r e  ( 6 ) .  A two 
n a u t i c a l  mile c o r r i d o r ,  on t h e  o t h e r  hand, r e s u l t s  i n  a b o u t  a 
t e n  n a u t i c a l  m i l e  maximum s u r f a c e  e r r o r " .  S i n c e  t h e  l a n d i n g  
s i t e  u n c e r t a i n t i e s  are based on a 1 0  G u n d e r s h o o t ,  i f  t h e  max- 
imum d e c e l e r a t i o n  l i m i t  i s  reduced t o  8 or 6 G ' s  a s u b s t a n t i a l  
i n c r e a s e  i n  t h e  l a n d i n g  u n c e r t a i n t i e s  would r e s u l t  f rom t h e  
s h a l l o w e r  e n t r y  a n g l e s .  

4 For a two-man v e r s i o n  (35 ,000  pounds)  t h e  b a l l i s t i c  
p a r a m e t e r  would be  between 1 . 0  and 2 . 5  s l u g s / f t 2  f o r  base dia- 
meters of  30 f e e t  and 20 f ee t ,  r e s p e c t i v e l y .  It i s  a p p a r e n t  
from F i g u r e s  ( 4 )  and ( 5 ) ,  t h a t  t h e  l a rge r  b a l l i s t i c  parameter 
can  be e x t r e m e l y  expens ive  i n  t e r m i n a l  p r o p u l s i o n ,  and w i l l  s h i f t  
t h e  e n t r y  c o r r i d o r  t o  sha l low t r a j e c t o r i e s  ( l a r g e  p e r i a p s i s  a l t i -  
t u d e s ,  low G e n t r y )  which have a s s o c i a t e d  w i t h  them la rger  l a n d i n g  
s i t e  u n c e r t a i n t i e s .  A 30 f o o t  diameter  two-man v e h i c l e ,  on t h e  
o t h e r  hand,  would have c h a r a c t e r i s t i c s  similar t o  t h e  20 f o o t  
one-man (m/CDA a 1). 

c a p s u l e  w i t h o u t  l i f t  f rom a h i g h l y  e c c e n t r i c  Mars o r b i t .  However, 
t h e  l a n d i n g  p r o p u l s i o n  i s  very s e n s i t i v e  t o  b a l l i s t i c  parameter, 
nar row e n t r y  c o r r i d o r s  a r e  r e q u i r e d ,  and large l a n d i n g  p o i n t  un- 
c e r t a i n t i e s  a re  i n h e r e n t .  T h e r e f o r e ,  t h e  concep t  of  u t i l i z i n g  
t h e  b a l l i s t i c  v e h i c l e  f o r  a manned, as w e l l  as unmanned, i s  pro- 
b a b l y  n o t  des i rab le .  A p r e f e r a b l e  approach  t o  MSSR & M I N I M E M  com- 
m o n a l i t y  would b e  t o  c o n f i g u r e  t he  unmanned MSSR f o r  l i f t  and pro-  
v i d e  e i t h e r  a c o n t r o l l e d  e n t r y  o r  f i x e d  l i f t i n g  e n t r y  f o r  t h e  h ighe r  
e n e r g y  f l y b y  m i s s i o n s .  T h i s  scheme w i l l  r e q u i r e  a d d i t i o n a l  a n a l y s i s .  
The work t h a t  f o l l o w s  c o n s i d e r s  t h e  manned l i f t i n g  e n t r y  c a s e  and 
t h e  f a c t o r s  i n f l u e n c i n g  i t s  d e s i g n .  

A s  a summary, t h e n ,  i t  i s  f eas ib l e  to e n t e r  a manned 

5.0 LIFTING ENTRY 

Both t h e  d i r e c t  and t h e  o u t - o f - o r b i t  e n t r i e s  are  a n a l y z e d  
i n  t h i s  s t u d y  w i t h  t h e  same b a s i c  e n t r y  and l a n d i n g  modes. The 
v e h i c l e  i s  gu ided  t o  a n  i n i t i a l  e n t r y  c o r r i d o r  w i t h  t h e  aerodynamic 

*It i s  no t  c l e a r  how a c c u r a t e l y  p robes  c o u l d  b e  t a r g e t e d  from 
Mars o r b i t .  It i s  e x p e c t e d ,  however, t h a t  o r b i t a l  t a r g e t i n g  w i l l  be 
i n f e r i o r  t o  t h e  a c c u r a c i e s  a c h i e v a b l e  w i t h  earth based t r a c k i n g  of 
o u t - o f - e a r t h  o r b i t  e n t r y  v e h i c l e s .  The l a s t  two Mercury ( b a l l i s t i c )  
f l i g h t s  MA-8 and MA-9 f o r  example, a c h i e v e d  l a n d i n g  s i t e  m i s s  d i s -  
t a n c e s  of 5 and 4 .5  n a u t i c a l  miles.  r e s p e c t i v e l y .  The l a s t  f i v e  
Gemini ( l i f t i n g  v e h i c l e )  f l i g h t s  were a l l  w i t h i n  2 . 7  n a u t i c a l  miles .  
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lift vector directed up (positive lift)*. In the neighborhood 
of pullout ( y  %' O ) ,  the lift vector is modulated to hold a con- 
stant altitude by rolling the vehicle around the velocity vector 
at a constant angle of attack. The ballistic parameter is thereby 
held constant while the velocity is reduced sufficiently to secure 
capture. The constant altitude phase is followed by terminal 
ranging and propulsive descent for a soft touchdown on the Martian 
surface. Small range errors can be corrected with the landing 
propulsion system, but such a scheme becomes very expensive in pro- 
pellant consumption for range errors larger than a mile or so, as 
will be shown later. It is desirable, then, to null all range 
errors while still decelerating aerodynamlcally. 

In this study, only the cases where the landing site is 
in the entry plane are considered so that no lateral ranging is 
required. However, in terms of implementing cross-range error 
compensation, it is arbitrary for pitch plane maneuvers whether the 
vehicle is rolled toward the right or left. In the course of entry 
maneuver, then, the integrated lateral accelerations (proportional 
to V ) would be directed the same toward the left and right cancell- 
ing any lateral range bias. This averaging technique could be 
accomplished by a rocking motion or complete 360° rolls. The cross- 
range errors are primarily a function of on-board sensor accuracies, 
however, and will require more detailed analysis than is intended 
here. 

2 

5.1 Entry Corridor Definition for Lifting Entry 

5.1.1 Overshoot 

The shallowest entry angle (highest vacuum periapsis 
altitude) at which the vehicle can enter is determined by the 
minimum altitude to which i t  penetrates following entry. If 
sufficiently low altitude is not reached (i.e., high enough 
atmospheric density), the lift force generated with full lift 
down after pullout will not balance the centrifugal force and the 
altitude cannot be held constant. The altitude where lift just 
balances centrifugal force, neglecting the effects of gravity, is 
defined as the maximum allowable pullout altitude (H,) for this 
study. This altitude will be used to define the overshoot. 

*Negative lift can be used on the overshoot to reduce down 
range dispensions. It is also possible to define the overshoot 
limit with negative lift which can have the effect of widening the 
entry corridor. This is discussed later in the paper. 



I 

BELLCOMM, INC. - 7 -  

Hm is a function of the atmospheric density and the 
lifting parameter (m/CLA) of the vehicle. 
presented in Figure ( 7 )  for the VM-8 atmosphere with the shaded 
region corresponding to the entry vehicle characteristics out- 
lined in Figure (2). 

Values of Hm are 

The inclusion of the gravity force would permit higher 
pullout altitudes since gravity acts in the direction opposite 
to the centrifugal force, so that the pullout altitude could be 
extended to near the equilibrium glide boundary, Figure ( 8 ) .  The 
use of Hm however does represent a degree of conservatism. Entry 
near the equilibrium glide boundary results in high heating loads, 
and large range error sensitivities due to corridor and atmospheric 
uncertainties. 
equilibrium glide altitudes are presented in Figure ( 9 ) .  It is 
noted that the differences depend only on velocity and become less 
at high velocities where gravity has less effect. At 25,000 feet 
per second, the difference is about 4,500 feet of altitude, or 
approximately 25% of the VM-8 atmospheric scale height. Although 
the difference becomes as much as 15,000 feet of altitudes at 
15,500 feet per second, corresponding to the out-of-orbit case, 
it will be shown later that the out-of-orbit entry will not be 
influenced by Em since the wide corridor available makes it 

The differences between Hm (Figure 7) and the 

r - n m r r r )  UllAlCLessary t o  approach the overshoot limit. 

5.1.2 Undershoot 

Since the Martian atmosphere is characterized by low 
densities, it is important to maintain sufficiently high pullout 
altitudes to insure that high surface protuberances can be cleared 
during entry. This is of particular concern for vehicles with 
high values of ballistic parameter, and could restrict the steepest 
entry angles. For the relatively small values in ballistic para- 
meter corresponding to the MINIMEM configurations, however, the 
steepest entry angle is determined primarily by the maximum 
deceleration loads imposed on the crew and structure and will 
probably not be influenced appreciably by pullout altitude. 

The maximum deceleration loads experienced during entry 
depend on the atmospheric density profile and the ballistic para- 
meter, but only weakly on L/D (for L/D s . 5 ) .  The altitude-velocity 
deceleration load lines for the VM-8 atmosphere are presented in 
Figure (10) for constant values of the parameter G.m/CDA, i.e., 
product of deceleration times ballistic parameter (slugs/ft 1. 
The load lines are valid for lift-to-drag ratios (L/D) up to .5. 

2 

The maximum pullout altitudes in Figure (7) and the load 
limit lines in Figure (10) represent the boundaries within which 
the manned Mars entry vehicle will operate. The ability to remain 
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within these bounGaries depends on t,le accuracy of the initial en- 
try corridor, knowledge of position in the corridor and the execu- 
tion of the required control, i.e., roll attitude commands. The 
differences in vacuum periapsis altitude between the shallowest 
entry angle and the steepest entry angle define the entry corridor 
width. 

5.2 Direct Entry From Approach Hyperbola 

5.2.1 Entry Corridor Requirements 

For a maximum deceleration limit of 10 G ' s ,  the ideal 
entry corridor* for direct entry into the VM-8 atmosphere at 
25,000 fps from an approach hyperbolic trajectory is presented 
in Figure (11) as a function of ballistic parameter. The corridor 
specifies the accuracy requirements in the approach trajectory 
periapsis altitude (or entry angle) in order to hold decelerations 
less than 10 G and still maintain a controlled constant altitude 
entry. 

It is of interest to note that for a given L/D, there is 
a value of m/CDA where the corridor width is a minimum; the corridor 
does not monotonically decrease with increasing ballistic parameter 
as would be the case with an adiabatic atmosphere. This phenomenon 
is a direct result of a tropopause (separation of adiabatic and 
isothermal regions), at 51,000 feet altitude for the VM-8 atmosphere, 
below which the density gradient is more gradual (higher effective 
scale height). Consequently, the peak decelerations are lower if 
the ballistic parameter is high enough so that pullout occurs below 
the tropopause altitude.** 

The minimum pullout altitudes, corresponding to the under- 
shoot (10 G )  trajectories, are also indicated in Figure (11). A 
minimum altitude of 40,000 feet is suggested to provide sufficient 
contingency for terrain clearence and atmospheric variations. The 
shaded portion of Figure (11) covers the aerodynamic parameters out- 
lined in Figure (2) and represent the range in values for the light 
and heavy vehicles. This shows that for a given L/D, the lower bal- 
listic parameter (light) vehicle has a smaller entry corridor, but 
the heavier vehicle will pullout at lower altitudes. 

The influence of lift-to-drag ratio on entry corridor and 
maximum decelerations for the light and heavy vehicles are presented 
in Figure (12). In order to meet a 10 nautical mile entry corridor 
and not exceed 10 G ' s ,  an L/D of approximately . 4  is required for the 

*Assuming the Mars atmosphere has exactly the VM-8 profile and 
the vehicle aerodynamics are known precisely. 

density profile. 
**The statement applies to the VM-8 atmosphere due to the low 
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lighter vehicle and .35 for the heavier vehicle. Since the cap- 
sule configurations have maximum L/D's of .45 to .5 ,  a 10 nautical 
mile corridor will not permit reductions in the undershoot limit 
to less than about 9 G for direct entry at 25,000 fps. With im- 
proved entry guidance, however, entry can be made shallower and 
the peak decelerations can be reduced. 

5.2.2 Landing Point Control Requirements 

The problem of landing site selection or surface rendez- 
vous involves the ability to reach a pre-selected landing site 
regardless of where in the corridor entry takes place. It is as- 
sumed here that all positions in the corridor are equally likely. 
Entry near the overshoot requires r o l l  control to reduce the range 
(impossible if initial entry was made with full lift down near the 
equilibrium glide), and entpy near the undershoot requires roll con- 
trol to increase range. 

The down range landing point uncertainty resulting from 
a 10 n.m. entry corridor width is presented in Figure (13) for 
the light vehicle with L/D's from .25 to .45, and the heavy vehicle 
for an L/D = .36. In the case of the light vehicle with L/D = .36, 
a 1 0  n.m. entry corridor results in a possible landing point loca- 
tion anywhere between 950  nautical miles and 1,600 nautical miles 
from the entry point if no range control is employed. This 650 
nautical mile uncertainty results from a pre-programmed constant 
altitude entry. In mission planning, the target landing point 
would be placed somewhere within the dispersion, say around the 
mean (1,275 nautical miles), and then the guidance and control capa- 
bility must be provided t o  remove the 2325 nautical mile potential 
error in order to reach the landing point from either of the two 
edges of the corridor (y = - 16.7" to - 17.4"). The ability to re- 
duce such a large dispersion is dependent on how accurately the 
position within the corridor is known at entry and the amount of 
lift control that can be used to modulate the entry trajectory. 

Control From Pullout 

If entry occurs near the undershoot, the range can be 
gained by delaying the roll maneuver (i.e., maintaining lift up) 
until sometime past the pullout. The effects of applying this 
maneuver to the light vehicle is illustrated in Figure (14) for 
a 20°/sec roll rate*. For  entry right at the undershoot (-17.4"), 
a delay of about 6.5 seconds past pullout would permit the required 
gain in range. It is obvious, however, that this maneuver is quite 
sensitive since small increases in the delay time and small uncer- 
tainties in corridor position produce large variations in range. 

*Following a simplified control law using a constant magnitude 
of roll rate and the sign of the flight path angle to specify the 
direction of r o l l .  
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Reducing the range when entering near the overshoot 
can be accomplished with negative lift. The effect of this 
maneuver is illustrated in Figure ( 1 5 ) .  If the position in the 
corridor is near the overshoot ( - 1 6 . 7 O ) ,  the lift vector is 
rolled negative until a preset deceleration thershold is reached 
and then the lift is again rolled positive. The maximum decel- 
erations experienced during this maneuver are included in Figure 
(15)" .  For entry right at the overshoot, GM would be set equal 
to 2 and approximately 7 G ' s  would result from reducing the range 
to the nominal value. Small errors in the position, however, can 
cause over-correction and high decelerations, as illustrated in 
Figure (15). 

For surface range control, therefore, the overshoot as 
well as the undershoot can result in high decelerations. 

Control After Blackout 

From atmospheric entry down to some sufficiently low 
velocity, trajectory control would be based essentially on iner- 
tial navigation and initial conditions data. At some point in 
the trajectory, however, the vehicle would exit from "blackout" 
and additional state data could be obtained from doppler signals, 
radar altimeter, ground beacon, etc. This surface tracking data 
could then be used as a basis for initiating range control. An 
indication of the maximum range control capability from this 
point was obtained by assuming that control is initiated at a velo- 
city of 10,000 fps. The maximum range control using full tL/D and 
full - L/D is presented in Figure (16) for different initiation 
altitudes. Also included in Figure (16) are the traces of pullout 
altitudes and ranges-to-go resulting from the 10 nautical mile 
entry corridor. In addition, the maximum line-of-site ranges cor- 
responding to the given altitude are indicated. 

Although on the order of 200 miles of down range can be 
gained at this point, the landing site would not be visible at 
the time of control initiation. This would be most significant if 
it is desired to employ a homing beacon on the surface as might be 
the case for surface rendezvous. For terminal beacon homing, 
therefore, the maximum range control will probably be governed by 
the line-of-site limit and not by the vehicle aerodynamic perfor- 
mance capability. 

*The same control law was employed as in the case of the under- 
shoot. In addition, r o l l  from negative to positive was initiated 
when a specified deceleration limit ( G M )  was reached. Depending 
on the limit value, the roll is delayed resulting in reduced 
range and increased maximum deceleration. 
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Even w i t h o u t  such  a c o n s t r a i n t ,  c o n t r o l  from t h i s  
p o i n t  on the  t r a j e c t o r y  i s  not  s u f f i c i e n t  t o  e l i m i n a t e  t h e  
r a n g e  e r r o r s  r e s u l t i n g  from an  e n t r y  c o r r i d o r  1 0  n a u t i c a l  miles  
wide. T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  ( 1 7 )  w i t h  t h e  l i g h t  veh i -  
c l e .  The s o l i d  l i n e  i s  the  t r ace  of  t h e  l a n d i n g  p o i n t s  f o r  t h e  
nominal  e n t r y  c o r r i d o r  and t h e  dashed l i n e s  are t h e  r e s u l t  o f  
employing t h e  maximum p o s i t i v e  l i f t  t o  i n c r e a s e  r a n g e  o r  maximum 
n e g a t i v e  l i f t  t o  d e c r e a s e  range as p r e v i o u s l y  d i s c u s s e d .  It can  
be s e e n  t ha t  a r e s i d u a l  l a n d i n g  p o i n t  e r r o r  o f  as much as 1 0 0  
n a u t i c a l  miles (+50)  f o r  t h e  l i g h t  v e h i c l e  ( c o r r e s p o n d i n g l y ,  i t  
i s  approximately-150 n a u t i c a l  miles ( t 7 5 )  f o r  t h e  heavy v e h i c l e )  
r e s u l t s  f rom c o n t r o l  a t  t h i s  p o i n t  in - the  t r a j e c t o r y  i f  no pre-  
v i o u s  c o r r e c t i o n s  were made w i t h i n  t h e  e n t r y  c o r r i d o r .  C o n t r o l  
must t h e r e f o r e  b e  i n i t i a t e d  e a r l y  d u r i n g  t h e  p u l l o u t  phase  t o  
e l i m i n a t e  a l l  r ange  e r r o r s  r e s u l t i n g  from t h e  1 0  n a u t i c a l  mi le  
c o r r i d o r .  

With more a c c u r a t e  e n t r y  gu idance ,  however,  t h e  e n t r y  
c o r r i d o r  can be r educed  and it  would t h e n  b e  p o s s i b l e  t o  e l i m i -  
n a t e  t h e  r ange  e r r o r s  a t  t h i s  l a t e r  p o i n t  i n  t h e  t r a j e c t o r y .  
F o r  an  e n t r y  c o r r i d o r  l ess  t h a n  about  8 n a u t i c a l  mi l e s ,  maximum 
c o n t r o l  j u s t  a f t e r  b l a c k o u t  w i l l  r e s u l t  i n  no r e s i d u a l  e r r o r s .  
Of c o u r s e ,  t he  q u e s t i o n  o f  whether s u f f i c i e n t  data  would be accu- 
mula ted  s o  t h a t  c o n t r o l  cQuld a c t u a l l y  b e  i n i t i a t e d  a t  a v e l o c i t y  
o f  1 0 , 0 0 0  f p s  w i l l  have t o  b e  answered.  A c o r r i d o r  c a p a b i l i t y  
somewhat less t h a n  8 n a u t i c a l  m i l e s  would p robab ly  b e  more r ea l i s -  
t i c .  

On t h e  o t h e r  hand, if a n  e n t r y  c o r r i d o r  1 0  n a u t i c a l  
m i l e s  wide i s  de te rmined  t o  b e  t o o  narrow f o r  approach  gu idance  
a t  Mars, o r  if a l a r g e r  margin o f  s a f e t y  i s  des i r ed ,  t h e n  it  
w i l l  b e  n e c e s s a r y  t o  e i t h e r  i n c r e a s e  t h e  maximum d e c e l e r a t i o n  
l i m i t ,  employ a h ighe r  L/D e n t r y  v e h i c l e  c o n f i g u r a t i o n ,  o r  u t i -  
l i z e  n e g a t i v e  L/D t o  widen t h e  e n t r y  c o r r i d o r .  The f i r s t  two 
items w i l l  n o t  be i n v e s t i g a t e d  i n  t h i s  s t u d y ,  b u t  t h e  u s e  o f  
n e g a t i v e  L/D ove r shoo t  w i l l  b e  c o n s i d e r e d .  

5 . 2 . 3  Negat ive  L i f t  Overshoot 

Employing n e g a t i v e  l i f t  p r i o r  t o  e n t r y  p e r m i t s  e n t r y  a t  
s h a l l o w e r  a n g l e s  and can r e s u l t  i n  widening t h e  e n t r y  c o r r i d o r .  
T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  (18). For  t h e  l i g h t  v e h i c l e  w i t h  a n  
L/D = . 3 6 ,  t h e  o v e r s h o o t  can t h e o r e t i c a l l y  be e x t e n d e d  from -16.7O 
t o  j u s t  under  - 1 6 . 2 O .  The a b i l i t y  t o  use  a l l  t h i s  a d d i t i o n a l  . 5 O  

( 6  n.m.1, however, depends on t h e  s t r a t e g y  employed t o  keep  t h e  
peak d e c e l e r a t i o n s  below t h e  a l l o w a b l e  maximum. 

S i n c e  t h e  v e h i c l e  would b e  e n t e r i n g  w i t h  n e g a t i v e  l i f t ,  
it must a t  some p o i n t  b e  r o l l e d  p o s i t i v e l y  t o  p r e v e n t  "d ive - in" .  
The data  i n  F i g u r e  ( 1 8 )  a r e  based on a s t r a t e g y  whereby t h e  veh i -  
c l e  i s  r o l l e d  toward p o s i t i v e  L/D when t h e  G l e v e l  r e a c h e s  a g i v e n  
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v a l u e ,  GM, and t h e n  maximum p o s i t i v e  L/D i s  he ld  u n t i l  p u l l o u t  
(y=O) .  The maximum d e c e l e r a t i o n  expe r i enced  d u r i n g  t h e  maneuver 
depends on t h e  v a l u e  o f  GM and t h e  e n t r y  a n g l e .  
o f  GM d e l a y s  t h e  r o l l  maneuver and p e r m i t s  deeper p e n e t r a t i o n  
i n t o  t h e  atmosphere.  The p o s i t i v e  L/D boundary ( f rom F i g u r e  13 )  
r e p r e s e n t s  t h e  c o n d i t i o n  where t h e  l i f t  i s  i n i t i a l l y  p o s i t i v e  o r  
r o l l e d  p o s i t i v e  under  a very low GM s i g n a l .  

A l a r g e r  v a l u e  

It can b e  s e e n  f r o m  F i g u r e  (18 )  t h a t  one way t o  widen 
t h e  e n t r y  c o r r i d o r  would be t o  s e t  a l a r g e  GM f o r  s h a l l o w  e n t r y  
a n g l e s  and small GM f o r  s t e e p  e n t r y  a n g l e s .  The problem w i t h  
t h i s  approach ,  however, i s  that u n l e s s  t he re  i s  a n  a c c u r a t e  know- 
ledge o f  t h e  p o s i t i o n  w i t h i n  t h e  c o r r i d o r ,  a small p r e s e l e c t e d  
v a l u e  of  GM would have to be used  i n  a l l  c a s e s  and no n e t  g a i n  
i n  u s a b l e  c o r r i d o r  i s  ob ta ined .  T h i s  can  be  s e e n  w i t h  a n  example. 
If GM i s  a l w a y s  s e t  e q u a l  t o  3,  t h e  v e h i c l e  c o u l d  e n t e r  between 
y = -16.15' and y = -16.9O and n o t  exceed a 1 0  G unde r shoo t .  
T h i s ,  however, r e p r e s e n t s  no improvement o v e r  t h e  +L/D c o r r i d o r  
w i d t h  and has t h e  d i sadvan tage  o f  a larger r a n g e  d i s p e r s i o n .  
T h e r e f o r e ,  a c c u r a t e  knowledge of  p o s i t i o n  w i t h i n  t h e  c o r r i d o r  i s  
n e c e s s a r y  i n  o r d e r  t o  take advantage o f  t h e  wider  n e g a t i v e  L/D 
c o r r i d o r  by s e l e c t i n g  GM acco rd ing  t o  p o s i t i o n .  

5 . 3  Out-Of-Orbit E n t r y  

5 . 3 . 1  En t ry  C o r r i d o r  Requirements 

S i n c e  t h e  e n t r y  v e l o c i t y  i s  c o n s i d e r a b l y  lower  from 
o u t - o f - o r b i t ,  t h e  d e c e l e r a t i o n  l o a d s  a t  a g i v e n  e n t r y  a n g l e  are 
much lower t h a n  t h e  d i r e c t  e n t r y  c a s e  and a t i g h t e r  c o n t r o l  on 
t h e  l a n d i n g  p o i n t  i s  p o s s i b l e  w h i l e  s t i l l  m a i n t a i n i n g  b o t h  accep- 
t a b l e  G l o a d s  and p u l l o u t  a l t i t u d e s .  

I n  F i g u r e  ( l g ) ,  t he  c o r r i d o r  w i d t h  r e q u i r e m e n t s  based 
on a 5 G undershoot*  are p r e s e n t e d  f o r  a r ange  i n  L/D and m/CDA. 
The ove r shoo t  i s  d e f i n e d  he re  b y  t h e  maximum a l t i t u d e s ,  Hm, of 
F i g u r e  ( 7 ) ,  which a r e  independent  of  e n t r y  v e l o c i t y  and were a l s o  
used  i n  t h e  d i r e c t  e n t r y  case .  It i s  obvious  t h a t  t h e  c o r r i d o r  
i s  s u b s t a n t i a l l y  wider t h a n  it  was f o r  t h e  d i r e c t  e n t r y  ( F i g u r e  
1 3 )  and t h a t  s u b s t a n t i a l l y  lower G ' s  can be m a i n t a i n e d .  

I n  F i g u r e  (201,  t h e  i n f l u e n c e  of  maximum d e c e l e r a t i o n  
and L/D on c o r r i d o r  w i d t h  f o r  t h e  heavy and l i g h t  v e h i c l e s  i s  
a l s o  p r e s e n t e d .  Here,  i t  can be  s e e n  t h a t  i t  i s  p o s s i b l e  t o  
e n t e r  a t  l e s s  t h a n  4 G w i t h  a 10 n a u t i c a l  m i l e  c o r r i d o r  and under  
3 G f o r  a 5 n a u t i c a l  m i l e  c o r r i d o r .  

"5 G undershoot  was chosen f o r  i l l u s t r a t i v e  pu rposes  s i n c e  
1 0 G  p r o v i d e s  c o r r i d o r s  which are l a r g e r  t h a n  i s  a p p a r e n t l y  
n e c e s s a r y .  
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A l t e r n a t e l y ,  t h e  range d i s p e r s i o n  can  be r educed  ap- 
p r e c i a b l y  f o r  a g i v e n  c o r r i d o r  width by s h i f t i n g  t h e  c o r r i d o r  
t o  s t e e p e r  e n t r y  a n g l e s  and h i g h e r  G ' s .  

5.3 .2  Landing P o i n t  Cont ro l  

The r ange  s e n s i t i v i t i e s  t o  e n t r y  a n g l e  are i l l u s t r a -  
t e d  i n  F i g u r e  ( 2 1 )  f o r  b o t h  t h e  l i g h t  and heavy v e h i c l e s .  A 5 
n a u t i c a l  m i l e  c o r r i d o r ,  de f ined  between e n t r y  a n g l e s  cor respond-  
i n g  t o  approx ima te ly  4 G and 5 G ,  would r e s u l t  i n  a l a n d i n g  p o i n t  
u n c e r t a i n t y  o f  about  t 3 5  n a u t i c a l  miles .  Reducing t h e  peak de- 
c e l e r a t i o n  l i m i t s  t o  Fetween 3 G and 4 G would i n c r e a s e  t h e  
l a n d i n g  p o i n t  u n c e r t a i n t y  t o  about  +50 n a u t i c a l  miles .  
t o  t 5 0  n a u t i c a l  m i l e  e r r o r  could e a s i l y  be  c o r r e c t e d  a f t e r  the 
v e h r c l e  v e l o c i t y  has reduced t o  below 1 0 , 0 0 0  f p s  as i l l u s t r a t e d  
i n  F i g u r e  (16), i n d i c a t i n g  t h a t  i n i t i a t i o n  of  r ange  c o n t r o l  can 
be  delayed u n t i l  a d d i t i o n a l  s t a t e  data becomes a v a i l a b l e  a f t e r  
t h e  end o f  b l a c k o u t  as d i scussed  p r e v i o u s l y .  

l 

T h i s  +35 

I n  terms o f  e n t r y  c o r r i d o r ,  d e c e l e r a t i o n  l o a d s  and 
l a n d i n g  s i t e  c o n t r o l ,  t h e  ou t -o f -o rb i t  e n t r y  p r o v i d e s  advan- 
tages o v e r  t h e  d i r e c t  mode. The p e r m i s s i b l e  e n t r y  c o r r i d o r  i s  
much wider,  and p r e - e n t r y  t a r g e t i n g  i s  most l i k e l y  b e t t e r  t h a n  
i n  t h e  d i r e c t  mode s o  t ha t  narrower e n t r y  c o r r i d o r s  can  be used  
( a d d i t i o n a l  s t u d y  i s  r e q u i r e d  f o r  a q u a n t i t a t i v e  compar ison) .  
A s  a consequence,  t h e  peak d e c e l e r a t i o n s  can be  he ld  t o  4 G or 
l e s s ,  and r ange  c o n t r o l  i s  probably  n o t  r e q u i r e d  u n t i l  a f t e r  t h e  
end of  b l a c k o u t .  

6 . 0  AERODYNAMIC H E A T I N G  AND WEIGHT PENALTIES 

6 . 1  MSSR/MINIMEM Comparison 

The d i r e c t  and o u t - o f - o r b i t  e n t r y  modes are compared 
i n  F i g u r e  ( 2 2 )  f o r  t h e  u n i t  area c o n v e c t i v e  h e a t i n g  l o a d  i n  t h e  
s t a g n a t i o n  r e g i o n  as w e l l  as t h e  t r a j e c t o r y  t i m e  from e n t r y  t o  
t h e  s u r f a c e .  The h e a t i n g  load r e f l e c t s  t h e  h e a t  s h i e l d  a b l a t o r  
material  r e q u i r e m e n t s  and the  e n t r y  t i m e  r e p r e s e n t s  t h e  thermal  
heat soak  p e r i o d  which e f f e c t s  t h e  i n s u l a t i o n  requi rements - - the  
i n s u l a t i o n  weight  i n c l u d i n g  non-pyro lyz ing  a b l a t o r  material  i s  
approx ima te ly  p r o p o r t i o n a l  t o  t h e  s q u a r e  r o o t  o f  t h e  h e a t i n g  
t i m e ,  f o r  s imi la r  m a t e r i a l  t h e r m a l  p r o p e r t i e s .  The h e a t i n g  
ra tes  were computed f o r  a b lun t  c o n f i g u r a t i o n  u s i n g  t h e  c o r r e c -  
t i o n s  f o r  ang le -o f -a t t ack  of t h e  Apollo v e h i c l e  s u g g e s t e d  i n  
r e f e r e n c e  ( 5 ) .  The r e s u l t i n g  e f f e c t i v e  nose  r a d i u s  used  i n  
t h e  c a l c u l a t i o n  was 4 f e e t  f o r  t h e  20 f o o t  d i a m e t e r  Apollo t y p e  
c o n f i g u r a t i o n .  
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The s t a g n a t i o n  h e a t i n g  l o a d s  for t h e  heavy and l i g h t  
M I N I M E M  v e h i c l e s  are compared w i t h  t h o s e  on t h e  ear th  e n t r y  
Apol lo  s u b o r b i t a l  f l i g h t  AS-202 as w e l l  as t h o s e  e s t i m a t e d  for 
t h e  n o n - l i f t i n g  unmanned MSSR.l Al though t h e  h e a t i n g  l o a d  i n  
t h e  s t a g n a t i o n  r e g i o n  f o r  t h e  unmanned MSSR ( a t  32 ,000  f p s )  i s  
p r i m a r i l y  from c o n v e c t i v e  t r a n s p o r t ,  t h e  maximum diameter re- 
g i o n s  e x p e r i e n c e  l a r g e  r a d i a t i o n  h e a t i n g .  It i s  estimated t h a t  
t h e  r a d i a t i o n  h e a t i n g  on t h e  MSSR cou ld  b e  abou t  50% of t h e  con- 
v e c t i v e  h e a t i n g  when i n t e g r a t e d  o v e r  t h e  whole s u r f a c e .  On t h e  
o t h e r  hand, due t o  t h e  lower v e l o c i t i e s  and h igher  angle-of-  
a t t a c k ,  t h e  M I N I M E M  r e c e i v e s  p r a c t i c a l l y  a l l  o f  i t s  heat l o a d  
th rough  c o n v e c t i o n .  
t h e  h e a t i n g  d i s t r i b u t i o n  and form of  h e a t i n g  w i l l  b e  d i f f e r e n t  
for t h e  M I N I M E M ,  and t h e  h e a t i n g  t i m e  w i l l  b e  l o n g e r  by as much 
as a f a c t o r  of  4 .  I n  a d d i t i o n ,  t h e  peak d e c e l e r a t i o n  l o a d  f o r  
t h e  MSSR i s  on t h e  o r d e r  o f  40 G I s  compared t o  a 1 0  G l i m i t  f o r  
t h e  M I N I M E M .  It i s  concluding ,  t h e r e f o r e ,  t h a t  t h e  e n t r y  en- 
vironment  for t h e  MSSR and MINIMEM can b e  s u b s t a n t i a l l y  d i f f e r e n t  
d i c t a t i n g  d i f f e r e n t  heat p r o t e c t i o n  and s t r u c t u r a l  r e q u i r e m e n t s .  

t h e  two sys tems s imilar  would be t o  d e s i g n  t o  t h e  h ighe r  s t r u c -  
t u r a l  l o a d s  of t h e  MSSR and the  l o n g e r  h e a t i n g  p e r i o d  of t h e  
M I N I M E M ,  or t o  c o n f i g u r e  t h e  unmanned MSSR w i t h  l i f t  and main- 
t a i n  t h e  e n t r y  environment  s imi l a r  t o  t h e  M I N I M E M .  The d e g r e e  
of  commonality t h a t  i s  a c t u a l l y  d e s i r e d  w i l l  d i c t a t e  t h e  approach  
t h a t  shou ld  be t a k e n .  More de t a i l ed  s t u d y  i s  r e q u i r e d  t o  deter-  
mine t h e  weight and systems t r a d e o f f s .  

6 .2  En t ry  Sys tem Weight E s t i m a t e  

I n  comparison w i t h  t h e  unmanned MSSR,I t h e n ,  

A t  l eas t  two approaches t h a t  c o u l d  be  t a k e n  t o  make 

An upper  bound t o  t h e  e n t r y  h e a t  p r o t e c t i o n  and s t r u c -  
t u r a l  weights of t he  M I N I M E M  were o b t a i n e d  from a comparison 
wi th  t h e  3-man Apollo v e h i c l e  ( C M )  used  i n  t h e  AS-202 s u b - o r b i t a l  
t e s t  m i s s i o n .  The AS-202 e n t r y  v e l o c i t y  was on t h e  o r d e r  of 
28,000 f p s .  It i s  no ted  i n  F i g u r e  ( 2 2 )  t ha t  t h e  thermal  l o a d  
and h e a t i n g  times a r e  l ess  for t h e  M I N I M E M  for d i r e c t  e n t r y ,  com- 
pared t o  t h e  AS-202 m i s s i o n ,  and s u b s t a n t i a l l y  l ess  i n  t h e  c a s e  
o f  t h e  o u t - o f - o r b i t  e n t r y .  It i s  a l s o  no ted  t h a t  t h e  thermal 
l o a d  from a l u n a r  r e t u r n  mis s ion  can b e  from 2 t o  2 1 / 2  times 
t h e  AS-202 m i s s i o n  thermal  load ,  s o  t h a t  t h e  Apollo ( C M )  a c t u a l l y  
r e p r e s e n t s  an  o v e r l y  c o n s e r v a t i v e  d e s i g n  base and shou ld  c e r t a i n l y  
r e p r e s e n t  an  upper  bound. The Apollo ( C M )  thermal weight p e n a l t y  
( a b l a t o r ,  i n s u l a t o r  and s t r u c t u r e  o u t s i d e  of t h e  p r e s s u r e  s h e l l )  
r e p r e s e n t s  about  15% of  t h e  v e h i c l e  g r o s s  weight .  S i n c e  t h e  
b a l l i s t i c  pa rame te r  of t h e  heavy we igh t  M I N I M E M  v e h i c l e  i s  s i m i -  
l a r  t o  t h e  Apollo ( C M ) ,  it would appear tha t  a 1 0  t o  15% weight  
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penalty would be an upper bound for the two man MINIMEM.* This 
compares with a recent North American Rockwell study6 which 
estimated about 12 to 13 percent for their 82,000 pound, 30 
foot diameter, 2-man/4 day MEM vehicle with a ballistic para- 
meter similar to the heavy MINIMEM. 

In the case of the light weight MINIMEM, however, a 
larger percentage weight penalty is incurred due to the lower 
ballistic parameter and therefore larger wetted area to gross 
weight ratio. An estimate of the thermal weight penalty for 
the light vehicle is obtained by multiplying the ratio of bal- 
listic parameters times the 10 to 15%, resulting in 27 to 40 
percent. The lower limit is probably more realistic in light 
of the conservative design base. Coincidently, 30% is approxi- 
mately the weight penalty for the MSSR,l although as discussed 
previously, the distribution of weight between structure, 
ablator and insulation would be different. 

It is felt that the 10 to 15 percent for the heavy 
vehicle and 30 percent for the light vehicle are quite conser- 
vative since the entry systems weight might be reduced substan- 
tially with the use of improved ablator materials and lower 
design entry G ' s .  The AVCOAT 5026-39 ablation material used on 
the Apollo (CM) and the North American Rockwell MEM 6 have a 
virgin bulk density of about 31 pounds/ft.3 and thermal conduc- 
tivity of .61. Superlight ablator materials (SLA) currently 
under investigation have densities and thermal conductivities on 
the order of 1/2 the AVCOAT ~naterial.~ Since SLA materials are 
presently considered for lower surface shear applications (low 
dynamic pressures), they would probably find more direct appli- 
cation in the low G out-of-orbit entry. However, composite form- 
ing of the SLA materials with other high density and high shear 
materials could provide for the higher G entries and also result 
in lower total weight. 

7.0 ADDITIONAL CONSIDERATIONS 

7.1 Mission Abort 

Manned entry into Mars introduces the question of mis- 
sion abort opportunities and constraints. A schematic represen- 
tation of abort modes during various phases of Mars entry is 

*For the same CD, the ballistic parameter ratio in effect 
compares the vehicle wetted area to the gross weight, Since the 
type of heat protection and structure involved here is essentially 
surface area dependent, the wetted area to gross weight ratio is 
approximately proportional to the weight penalty. 
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p r e s e n t e d  i n  F i g u r e  ( 2 3 ) .  Before t h e  e n t r y  v e h i c l e  engages  t h e  
a tmosphere ,  t h e  p r o p u l s i v e  l a n d i n g  s t a g e  c o u l d  be  f i r e d  t o  de- 
f l e c t  t h e  approach  c o n i c .  It w i l l  be  assumed t h a t  t h i s  maneuver 
must be i n i t i a t e d  w e l l  b e f o r e  t h e  nominal e n t r y  p o i n t  t o  p r e v e n t  
s i g n i f i c a n t  aerodynamic h e a t i n g .  The r e a s o n  f o r  this i s  t h a t  
e n g i n e  i s  des igned  t o  accommodate high h e a t i n g  r a t e s  w h i l e  i n  
o p e r a t i o n ,  bu t  no t  while  shut-down. I n  a d d i t i o n ,  s equenc ing  t h e  
e n g i n e  exposure  and e n g i n e  s t a r t  cou ld  i n t r o d u c e  o p e r a t i o n a l  
problems.  

For  d i r e c t  e n t r y  a t  25,000 f p s ,  i t  i s  shown i n  F i g u r e  
( 2 4 )  t h a t  a n  a b o r t  can  be i n i t i a t e d  wi thou t  o n s e t  of  s i g n i f i c a n t  
h e a t i n g  down t o  about  200  seconds b e f o r e  t h e  nominal e n t r y  i n  
t h e  VM-7 atmosphere,  and j u s t  unde r  1 0 0  seconds  b e f o r e  e n t r y  i n  
t h e  VM-8 atmosphere.  
r a t i o  o f  1 . 0  and a p r o p u l s i v e  AV of  3 ,000  f p s ,  which would e s sen -  
t i a l l y  b e  t h e  l a n d i n g  s t a g e  c a p a b i l i t y .  

T h i s  assumes a t h r u s t  t o  ear th  weight  

A f t e r  engaging  t h e  a tmosphere ,  t h e  h e a t i n g  ra tes  and 
d e c e l e r a t i o n  l o a d s  would be  e x c e s s i v e  s o  t h a t  a s u c c e s s f u l  pro- 
p u l s i v e  a b o r t  would n o t  b e  p o s s i b l e  a l o n g  t h e  nominal t r a j e c t o r y ,  
w i t h o u t  s u b s t a n t i a l  weight  p e n a l t i e s ,  u n t i l  t h e  v e l o c i t y  has 
decayed t o  n e a r  t h e  t e r m i n a l  c o n d i t i o n s . *  Depending on the  t i m e  
a f t e r  e n t r y ,  however, a f u l l  aerodynamic l i f t u p  maneuver c o u l d  
be employed c a u s i n g  t h e  v e h i c l e  t o  s k i p  back t o  a h i g h e r  a l t i t u d e  
where t h e  h e a t i n g  r a t e s  and d e c e l e r a t i o n s  a r e  s u f f i c i e n t l y  low. 
It w a s  e s t i m a t e d  t h a t  300 ,000  f e e t  would be a minimum a l t i t u d e  
s i n c e  t h e  v e h i c l e  v e l o c i t y  would s t i l l  be h i g h ,  a l t h o u g h  even i f  
l50,OOO f e e t  were chosen ,  i t  would on ly  r e p r e s e n t  a n o t h e r  1 0  
seconds  o f  t ime .  The e f f e c t  o f  t h i s  pu l l -up  maneuver i s  i l l u s -  
t r a t ed  i n  F i g u r e  ( 2 5 )  u s i n g  t h e  heavy v e h i c l e  undershoot  t r a j e c -  
t o r y  i n  t h e  VM-8 a tmosphere .  The maximum s k i p  a l t i t u d e  r eached  
a f t e r  t h e  p u l l u p  i s  p r e s e n t e d  v e r s u s  t h e  t ime  t h e  pul l -up  i s  
i n i t i a t e d  a f t e r  e n t r y .  Until abou t  170 t o  180 seconds  a f t e r  
e n t r y ,  t h i s  maneuver can  be used.  A f t e r  t h i s  t i m e ,  there  i s  no 
safe a b o r t  mode t o  "backup" t h e  p r i m a r y  e n t r y  sequence w i t h  t h e  
e x c e p t i o n  o f  e l i m i n a t i n g  t h e  l a n d i n g  phase  s o  t h a t  no s u r f a c e  con- 
t a c t  would r e s u l t .  

For  a p e r i o d  of t i m e  r e p r e s e n t i n g  abou t  50  t o  60% o f  
t h e  e n t r y  t i m e  there  i s  probably  no safe a b o r t  "backup" e i t h e r  
aerodynamic or p r o p u l s i v e .  The m i s s i o n  would proceed  t h r o u g h  

*Designing t h e  a s c e n t  s t a g e  t o  a s e v e r e  h e a t i n g  environment  
c o u l d  b e  ex t remely  p e n a l i z i n g .  I n  a d d i t i o n ,  t h e  l a n d i n g  sys tem 
would a t  most b e  c a p a b l e  o f  p r o v i d i n g  a 1 . 5  t o  2 G a c c e l e r a t i o n  
wh i l e  t h e  a s c e n t  s t a g e  would b e  on t h e  o r d e r  o f  a f r a c t i o n  of 1 G .  
P r o v i d i n g  a s e v e r a l  G c a p a b i l i t y  f o r  a b o r t  would n o t  b e  r e a l i s t i c .  
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the nominal sequence until the vehicle has decelerated suffi- 
ciently to fire the landing stage. Although the surface touch- 
down phase can be eliminated, the question of orbital rendezvous 
compatability resulting from ascent at that time will require 
additional study. 

7.2 Terminal Retro Landing 

When the vehicle has slowed down sufficiently, the 
landing stage rockets will be fired to provide for a controlled 
soft touchdown on the surface. The conditions prior to landing 
stage firing based on the VM-8 atmosphere are presented in 
Figures (26) and (27). As pointed out previously, the VM-7 
atmosphere actually results in the highest terminal velocities 
so that the velocities in Figure (26) could be about 30% higher 
at the 10,000 foot altitude level. Nevertheless, the conditions 
in Figures (26) and (27) do illustrate some significant points. 

1. The flight path angle at retro fire will be quite 
shallow: on the order of -8 to -10' for the heavy 
vehicle and -15 to -2OO for the light vehicle. 

2. The constant altitude maneuver acts as a filter which 
essentially uncouples the landing mode from the 
initial entry conditions. The only significant dif- 
ferences show up due to the vehicle characteristics. 

3. The low-speed equilibrium glide solution, i.e., 
2 (LIFT)2 + (DRAG)2 = (WEIGHT) , does not provide an 

accurate estimate of the velocity at low altitudes 
for the heavy vehicle since it is still in a transient 
state and never achieves equilibrium. 

Additional study is required to determine the effects 
of lift and drag attenuation due to rocket engine firing on the 
landing maneuver.' The advantages and disadvantages of employ- 
ing parachutes or other decelerators to augment the vehicle 
aerodynamic deceleration could be dependent on the extent of 
this attenuation. 

7.3 Propulsive Range Make-up 

Although it is most desirable to use aerodynamic con- 
trol to the greatest extent possible, guidance errors will re- 
quire some propulsive range make-up to successfully execute a 
surface rendezvous. The propulsive AV expenditure per statute 
mile during horizontal translation, shown in Figure (28), varies 
inversely with surface velocity. Twice the translational velo- 
city must be added to this AV to account for the acceleration 
and deceleration periods. 
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I f  t h e  t r a n s l a t i o n a l  v e l o c i t y  i s  h e l d  t o  50 miles p e r  
hour ,  t h e  t o t a l  p r o p u l s i v e  p e n a l t y  i s  on t h e  o r d e r  of  1 , 0 0 0  f p s  
p e r  s t a t u t e  m i l e .  
p e r  s t a t u t e  m i l e  f o r  a n  Isp = 
reduced  t o  about  720  f p s  ( f o r  the f i r s t  m i l e  t r a v e l e d ,  a l t h o u g h  
i n c r e a s i n g  as t h e  s q u a r e  r o o t  o f  r a n g e )  by o p t i m i z i n g  t h e  
t r a n s l a t i o n a l  v e l o c i t y .  The optimum v e l o c i t y ,  however, can  be 
q u i t e  l a r g e :  f o r  t h e  f i rs t  m i l e ,  t h e  v e l o c i t y  would be about  
1 2 5  f p s ,  bu t  l i k e  AV, a l s o  i n c r e a s e s  as t h e  s q u a r e  r o o t  of 
r a n g e .  

T h i s  t r a n s f o r m s  t o  abou t  a 10% weight p e n a l t y  
The t o t a l  AV can  be 325 seconds .  

A b a l l i s t i c ,  p a r a b o l i c  p a t h  would r e q u i r e  l e s s  AV t h a n  
t h e  h o r i z o n t a l  p a t h  b u t  would p robab ly  r e q u i r e  more compl i ca t ed  
gu idance  and c o n t r o l .  Fo r  l a r g e  r a n g e s ,  however, t h e  h o r i z o n t a l  
p e n a l t i e s  would become q u i t e  large and a b a l l i s t i c  p a t h  would 
have t o  be c o n s i d e r e d .  

For  t h e  low speed  h o r i z o n t a l  t r a n s l a t i o n ,  t h e  e f f e c t  
of  t h e  atmosphere ( d r a g )  i s  q u i t e  small, as i n d i c a t e d  i n  
F i g u r e  ( 2 8 )  f o r  t h e  VM-4 h i g h  d e n s i t y  model. 

8 . 0  CONCLUSIONS 

1. Manned b a l l i s t i c  e n t r y  i n t o  Mars i s  p o s s i b l e  from a 
h i g h l y  e l l i p t i c a l  o r b i t .  However, t h e  l a n d i n g  pro-  
p u l s i o n  i s  ve ry  s e n s i t i v e  t o  b a l l i s t i c  pa rame te r ,  
a c c u r a t e  e n t r y  guidance i s  r e q u i r e d  and l a r g e  s u r f a c e  
l a n d i n g  s i t e  d i s p e r s i o n s  a r e  i n h e r e n t .  

2 .  An Apol lo  shape o r  b l u n t  cone l i f t i n g  e n t r y  v e h i c l e  
p r o v i d e  s u f f i c i e n t  aerodynamic performance f o r  d i r e c t  
e n t r y  o f  t h e  MINIMEM v e h i c l e s  a t  25,000 f p s  w i t h  a n  
e n t r y  c o r r i d o r  of 1 0  n.m. and a maximum d e c e l e r a t i o n  
o f  1 0  G I s .  A d i r e c t  e n t r y  unde r shoo t  l i m i t  o f  less 
t h a n  9 G ' s  i s  probably  no t  p o s s i b l e  u n l e s s  t h e  e n t r y  
c o r r i d o r  can  be made l e s s  t h a n  1 0  n.m., or t h e  nega- 
t i v e  l i f t  overshoot  c r i t e r i o n  i s  used .  The n e g a t i v e  
l i f t  ove r shoo t  c r i t e r i o n  r e q u i r e s  a c c u r a t e  knowledge 
o f  p o s i t i o n  w i t h i n  t h e  c o r r i d o r .  

3. The d i r e c t  e n t r y  mode r e q u i r e s  more a c c u r a t e  guidance  
and more f l e x i b i l i t y  i n  e n t r y  t r a j e c t o r y  c o n t r o l  t o  
a c h i e v e  a des i red  l a n d i n g  s i t e  t h a n  o u t - o f - o r b i t  
e n t r y .  I n  t h e  case  o f  o u t - o f - o r b i t  e n t r y ,  a l l  r ange  
e r r o r s  r e s u l t i n g  from t h e  i n i t i a l  e n t r y  c o r r i d o r  c o u l d  
p robab ly  b e  c o r r e c t e d  a f t e r  t h e  v e h i c l e  e x i t s  t h e  
b l ackou t  p e r i o d .  I n  a d d i t i o n ,  t h e  d e c e l e r a t i o n  l i m i t s  
can  b e  ma in ta ined  as low as 3 t o  4 G I s  from out-of-  
o r b i t  e n t r y  i n  o r d e r  t o  minimize t h e  s u p p o r t  s t r u c t u r e  
of t h e  manned capsu le  compartment. 



BELLCOMM, I N C .  - 19 - 

4. The heat p r o t e c t i o n  s y s t e m  and s t r u c t u r a l  weights  f o r  
d i r e c t  e n t r y  would r e p r e s e n t  l ess  t h a n  15% o f  t h e  
g r o s s  weight  f o r  t h e  heavy ( 2  man) MINIMEM, and abou t  
30% f o r  t h e  l i g h t  (1 man) M I N I M E M .  These weight  re- 
qu i r emen t s  would be somewhat l e s s  f o r  o u t - o f - o r b i t  
e n t r y  due t o  t h e  lower G ' s ,  lower  h e a t i n g  and t h e  
p o s s i b i l i t y  o f  employing low d e n s i t y  a b l a t o r  material .  

5.  From a comparison between t h e  l i g h t  M I N I M E M  and unmanned 
( b a l l i s t i c )  MSSR, t h e  e n t r y  t i m e  f o r  t h e  M I N I M E M  e n t r y  
a t  25 ,000  f p s  c a n  b e  as much as 4 times t h e  MSSR e n t r y  
a t  3 2 , 0 0 0  f p s .  T h i s  i m p l i e s  about  t w i c e  as much i n s u l a t i o n  
( and  non-pyrolyzing a b l a t o r  mater ia l )  f o r  t h e  M I N I M E M .  
On t h e  o t h e r  hand, t h e  1 0  G l i m i t  on t h e  M I N I M E M  com- 
pared to t h e  4 0  G l i m i t  on t h e  MSSR would r e s u l t  i n  
l a rge r  s t r u c t u r a l  weight  f o r  t h e  MSSR. 

6 .  Abor t ing  t h e  d i r e c t  e n t r y  m i s s i o n  by  u t i l i z i n g  t h e  
l a n d i n g  stage p r o p u l s i o n  s y s t e m  i s  p o s s i b l e  a t  any 
t i m e  up t o  about  1 0 0  seconds  b e f o r e  nominal e n t r y  i n  t h e  
VM-8 atmosphere wi thou t  s i g n i f i c a n t  h e a t i n g .  Although 
p o s t  a b o r t  rendezvous was n o t  a n a l y z e d ,  a l l  t h e  a s c e n t  
p r o p e l l a n t  would b e  a v a i l a b l e  t o  make s u b s t a n t i a l  AV 
changes.  An a b o r t  a f t e r  a tmosphe r i c  e n t r y  would re-  
q u i r e  f u l l  p o s i t i v e  l i f t  i n  o r d e r  t o  s k i p  t o  a h igh  
enough a l t i t u d e  t o  u s e  p r o p u l s i o n .  However, for about  
50% of  t h e  e n t r y  t i m e ,  t h e r e  i s  n o t  s u f f i c i e n t  ae ro -  
dynamic c o n t r o l  l e f t  t o  per form t h e  s k i p  maneuver. 

9 . 0  

7 .  The t e r m i n a l  l a n d i n g  p r o p u l s i o n  r e q u i r e m e n t s  are  es- 
s e n t i a l l y  independent  of t h e  e n t r y  v e l o c i t y  and e n t r y  
mode, and o n l y  depend on t h e  v e h i c l e  c h a r a c t e r i s t i c s  
and a tmosphe r i c  p r o p e r t i e s .  I n  a d d i t i o n ,  p r o p u l s i v e  
r ange  make-up r e s u l t s  i n  weight  p e n a l t i e s  on t h e  o r d e r  
of  10% of  t h e  v e h i c l e  weight p e r  m i l e  employing h o r i -  
z o n t a l  t r a n s l a t i o n .  Fo r  large range  e r r o r s  a b a l l i s -  
t i c  t r a j e c t o r y  would b e  r e q u i r e d .  

RECOMMENDATIONS FOR FURTHER STUDY 

1. En t ry  gu idance  a c c u r a c i e s  ( i n c l u d i n g  c o r r i d o r  w i d t h  and 
p o s i t i o n  c e r t a i n t i e s )  from d i r e c t  approach  and out -of -  
o r b i t  e n t r i e s  require d e t a i l e d  a n a l y s i s .  

2 .  R e l a t i v e  s u r f a c e  a r e a  a c c e s s i b i l i t y  from d i r e c t  ap- 
p roach  and o u t - o f - o r b i t  e n t r y  r e q u i r e  d e t a i l e d  com- 
p a r i s o n .  
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3.  The unmanned MSSR should be investigated as a lifting 
vehicle at the twilight flyby entry velocities. This 
would then provide a bgtter basis f o r  MSSR/MINIMEM 

1013-DEC-sjh 1 -  I 
D. E. Cassidy 
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